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(57) ABSTRACT 

A navigation apparatus for displaying a map and including 
a data Storage unit for Storing map data, a man-machine 
interface having a display memory and picture drawing 
capability for expansion and visualization of display data, 
for acquiring display data to draw it into the display 
memory, and for Setting up and displaying a display range of 
graphics, and a navigation data processor for reading map 
data out of the Storage unit, for inputting of locations and 
present position tracking, and for outputting to the man 
machine interface display data to be expanded and drawn in 
the display memory. 

19 Claims, 7 Drawing Sheets 
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NAVIGATION APPARATUS WITH 
NAVIGATION DATA PROCESSOR AND MAN 

MACHINE INTERFACE 

The entirety of Japanese applications Nos. Hei 
11-243002 and Hei 11-243003, both filed Aug. 30, 1999, 
inclusive of the Specification, claims and drawings of each, 
is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to navigation apparatus for 
displaying maps and performing location inputting and 
present vehicle position tracking along with a navigation 
data processor and a man-machine interface device for use 
therein. This invention also relates to navigation apparatus 
for tracking a traveling land vehicle and guiding it to its 
destination. 

2. Prior Art 

One typical navigation apparatus is disclosed in Published 
Unexamined Japanese Patent Application No. Hei 2-28688. 
This prior art navigation apparatus tracks a land vehicle and 
guides the vehicle for travel along a route leading to its 
destination while displaying a map of a specified geographi 
cal area in which a present vehicle position is located and 
further displays, as guidance information, a traffic interSec 
tion diagram immediately before reaching a guidance 
necessary interSection along the travel route. 

The above-described navigation apparatus operates by 
reading data from Stored map data and is provided with 
picture drawing means for creating graphical imageS Such as 
lines and filled areas and for outputting them to an associated 
display means in the form of Video signals or RGB signals. 
Land vehicles are often provided with other built-in devices 
including functionally overlapping devices which are 
designed to share common functions through interconnec 
tion via a chosen network. In particular, display devices are 
Standardized in most cases-for example, it is well known 
among those skilled in the art that a display device used to 
Visually display television images is also adaptable for use 
in displaying an audio instrument panel image. Furthermore, 
Such built-in devices may include means for graphics image 
creation or "picture drawing. 

If the navigation apparatus is connected to a device which 
has its own picture drawing means, the resultant System 
would Suffer from an extra increase in production cost as a 
whole. Further, in the event that data communication with a 
man-machine interface (MMI) is performed from the navi 
gation apparatus by use of bit-map data, the resulting data 
transfer rate can delay the timing of on-Screen image display 
by an associated output means. 

SUMMARY OF THE INVENTION 

The present invention has as its objective Solution of the 
above-noted problems, and its primary objective is to enable 
efficient execution of data communication for land map 
display to thereby make it possible to Smoothly perform map 
Scrolling and rotation, even where the main body of the 
navigation apparatus is separated from its associated man 
machine interface (MMI) unit. 
To attain the foregoing objectives, the present invention 

provides a new and improved navigation apparatus for 
displaying a map which permits input of a location and 
allows tracking of a present position and which includes 
Storage means for Storing map data, man-machine interface 
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2 
means having a display memory and picture drawing means 
for expansion and Visualization of display data and for 
acquiring Said display data to draw it in Said display memory 
and also for Setting up and displaying a display range, and 
navigation data processor means for reading map data out of 
Said Storage means, for executing location input and present 
position tracking, and for Sending to Said man-machine 
interface means display data to be expanded and drawn in 
Said display memory. 

Further, the man-machine interface means is operable to 
manage a drawing range and display range of the display 
data and to issue to the navigation data processor means a 
request for transmission of additional display data before the 
display range goes out of the drawing range. The navigation 
data processor means is operable to manage a drawing range 
and display range of the display data and to issue to the 
man-machine interface means display data being rewritten 
before the display range goes out of the drawing range. The 
man-machine interface means has input means for tracking 
vehicle movement and for inputting of the display range and 
is operable to Set up Said display range in response to an 
input of the input means. The navigation data processor 
means Sends a display range instruction to the man-machine 
interface means on the basis of the location input and present 
position. 

Also disclosed herein is a navigation data processor in a 
navigation apparatus which includes, as independently 
arranged components, the navigation data processor for use 
in performing navigation data processing and a man 
machine interface device for displaying. The navigation data 
processor device is adapted to read map data out of a Storage 
device for performing location inputting and present posi 
tion tracking and to output display data to Said man-machine 
interface device wherein the display data is expanded and 
drawn for visualization in a display memory. The man 
machine interface has a display memory and picture drawing 
means for expansion and visualization of the display data, 
for acquiring Said display data from Said navigation data 
processor and for drawing the thus converted data into the 
display memory while Setting up and displaying a display 
range of the data Stored in the display memory. 

Additionally, the navigation apparatus of the present 
invention tracks a traveling vehicle and guides it to a 
destination and, to enable Such functions, includes Storage 
means for Storing map data, a navigation data processor for 
reading map data out of Said Storage means, for tracking the 
traveling vehicle, and for outputting display data and various 
display commands for use in guidance to the destination, and 
man-machine interface means, having a memory, for acquir 
ing display data and display commands as output from Said 
navigation data processor means and then expanding and 
drawing them in Said memory to thereby display a range as 
instructed. The navigation data processor includes means for 
converting the map data read out of Said Storage means into 
display data of a data Size and graphical image type in a 
format as determined for the graphical image to be drawn. 
The edited display data includes information as to graphical 
images and display attributes including colors, line thickness 
and others features, while the display commands indicate a 
display center, Scale or size, and direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing one preferred embodi 
ment of the navigation apparatus in accordance with the 
present invention. 

FIG. 2 is a flow chart of a main routine for operation of 
the overall navigation apparatus in accordance with the 
present invention. 
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FIG. 3 is a flow chart of a display control routine for 
execution by a navigation data processor. 

FIG. 4 is a flow chart diagram of one example of a display 
processing routine for execution by a man-machine inter 
face. 

FIGS. 5(A), 5(B) and 5(C) are flow charts of a routine for 
execution by a man-machine interface device adapted for 
management of display data of a map or maps to be 
displayed on a Screen. 

FIGS. 6(A), 6(B) and 6(C) are flow charts showing an 
example of a routine for execution by a navigation data 
processor adapted to manage display data of a map(S) to be 
displayed on the Screen. 

FIG. 7 is a block diagram showing one embodiment of a 
display control System inclusive of a navigation data pro 
ceSSor and a man-machine interface. 

FIGS. 8(A)-8(F) are diagrams of an exemplary structure 
of data being transmitted. 

FIG. 9 is a flow chart of an example of a routine for 
processing of map display transmit data in the navigation 
data processor. 

FIG. 10 is a diagram of an exemplary procedure of 
communications between the navigation data processor and 
the man-machine interface. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

One preferred embodiment of the present invention will 
now be explained below with reference to the accompanying 
drawings. FIG. 1 is a diagram Showing an exemplary 
configuration of a navigation apparatus incorporating the 
principles of the invention. The illustrated navigation appa 
ratus includes an input device 1 for inputting information 
related to route guidance, a present position detector 2 for 
use in detecting information concerning a present position of 
a land vehicle of interest, an information Storage unit 3 
which Stores navigation-use data required for computation 
of a geographical travel route and display/audio guidance 
data necessary for route guidance plus programs (application 
programs and/or operating System or “OS) and the like, a 
central processor 4 which Serves as the navigation data 
processor means for executing display/audio guidance rou 
tines necessary for route Searching and route guidance and 
for overall control of the entire System, an information 
transmit/receive device or “transceiver 5 that is operable to 
transmit and receive information pertaining to vehicle travel 
Such as, for example, road information and traffic informa 
tion and information detected concerning the present vehicle 
position and is further operable to transmit and receive 
information regarding the present position. AS illustrated, 
the embodiment of FIG. 1 further includes an output device 
6 for outputting information for route guidance. 
The input device 1 has Several functions including input 

ting of the location of a target or destination and instructing 
the central processor device 4 to perform navigation pro 
cessing in a manner consistent with the driver's will. AS the 
means for realizing Such functions, remote controllers 
including, but not limited to, a touch Switch or jog dial may 
be employed to permit inputting of a destination location 
using a telephone number or coordinates on a land map and 
also a request for route guidance. In addition the apparatus 
of the present invention also comes with a device for 
enabling speech conversion of Voice input, which functions 
as an audio input device. Optionally, a record card reader 
device may be added for reading data as recorded on IC 
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cards or magnetic cards. A data communications device may 
also be added for Storing therein data necessary for 
navigation, for transmitting and receiving data to and from 
an information Source, Such as a remote information center, 
and for providing information via communications links in 
response to a request from a driver. Alternatively, a portable 
electronic device may be used for Storing map data and 
destination location data along with abridged land maps and 
building Structure shape maps. 

The present position detector 2 is a GPS receiver for 
calculation of the land vehicle's present position and any 
one of its travel Speed and absolute azimuth by utilization of 
the presently available global positioning System (GPS), a 
beacon receiver for receiving various items of information 
Such as present position information and traffic lane 
information, a data receiver that employs a cellular phone 
(or car telephone) or FM multiplex Signals or receives 
correction signals of the GPS, an absolute direction Sensor 
for detection of the vehicle's travel direction based on the 
absolute azimuth by use of terrestrial magnetism, by way of 
example, a relative direction Sensor for detection of the 
vehicle's travel direction based on relative azimuth by using, 
for example, Steering Sensors or gyro Sensors, or a distance 
Sensor for detecting the traveled distance from the number of 
rotations of the vehicle wheels, for example. 
The information Storage unit 3 is a Storage device that 

Stores therein navigation programs and data, which device 
may be any one of the currently available CD-ROM, DVD 
ROM, floppy disk, memory card or other similar suitable 
Storage device. Note here that an internal Storage device may 
alternatively be employed, such as a ROM or flash memory 
built into the main body. The Stored programs may include 
one or more programs for use in performing routines Such as 
route Searching, interactive guidance based on audio input 
control Schemes, display/audio output control as required for 
route guidance, Searching for any desired land point, facility 
or the like. The stored data may include files of all the data 
necessary for operation of the navigation apparatus, 
including, but not limited to, map data, Search data, guidance 
data, map matching data, destination location data, regis 
tered location data, road data, graphical image data for 
branch or junction points Such as traffic interSections, data 
classified according to genre, and land-mark data. Note that 
the CD-ROM as used in the present invention may be the 
type which Stores data only, while the programs are Stored 
in its associated central processor or, alternatively, the type 
that acquires data and program components from an external 
facility or equipment through wireleSS communication. 
The central processor 4 includes a CPU for execution of 

a variety of different kinds of arithmetic processing tasks, a 
flash memory for Storing program components as read out of 
the CD-ROM of the information storage unit 3, a ROM for 
Storing a program (program reader means) for use in per 
forming verification and update processing of the program 
stored in the flash memory, and a RAM for temporarily 
Storing Searched route guidance information including the 
coordinates of a destination, road name code No. and the 
like, along with data obtained by execution of the arithmetic 
processing. The central processor 4 further includes other 
components that are not specifically depicted in the drawing, 
for example, an audio/voice processor for executing pro 
grams interactive with Voice input through the input device 
1 and for voice Synthesis, based on an audio/voice output 
control signal from the CPU, on data read out of the 
information Storage unit 3-Such as voice, phrases, Sen 
tences organized into a Single complete form, Sounds or the 
like-for conversion into an analog signal which is then 
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output to plural Speaker units. The central processor 4 may 
also include a communication interface for handling input/ 
output data over communication links, a Sensor input inter 
face for receiving Signals from a present position detector 2, 
and a clock module for use in writing date and time into 
internal diagnosis information. Additionally, the aforesaid 
program for executing update processing may be Stored in 
an external Storage device, if needed. 

All the programs in accordance with the present invention 
and other programs for executing navigation System routines 
may be stored in a CD-ROM, i.e. an external recording 
medium. Alternatively, part or all of Such programs may be 
stored in a ROM 42 that is provided in the main body of the 
apparatus. Data and programs Stored in an external record 
medium are input as external Signals to the central processor 
in the navigation apparatus main body and are processed 
therein to provide a variety of kinds of navigation functions. 
AS Stated previously, the navigation apparatus embodying 

this invention includes a relatively large capacity flash 
memory for use in reading programs out of the CD-ROM of 
the external Storage device and a Small capacity ROM 
Storing therein a certain program (program reader means) for 
executing a CD Startup routine. The flash memory is a 
nonvolatile memory capable of retaining once-recorded 
information even after any interruption of the electric power 
Supply thereto. In the CD Startup processing, the program 
Stored in the ROM, Serving as the program reader means, is 
Started to check/verify the program Stored in the flash 
memory, thereby reading thereinto disk management infor 
mation or the like of the CD-ROM of the information 
Storage unit 3. A program load routine (update processing) 
is executed depending on a result of determination from this 
information and the status of the flash memory. 

The information transceiver 5 is formed of several devices 
including a GPS receiver for gaining information by use of 
the global positioning system (GPS), a VICS information 
receiver for gaining information by using FM multiplex 
broadcasting, radio-wave beacons, optical beacons and the 
like, and a data transmit/receive or “transceiver device for 
two-way or bi-directional eXchange of information with the 
information center (e.g. ATIS) or other land vehicles. 

The output device 6 functions to output guidance infor 
mation whenever requested by the vehicle driver, in the form 
of audio Voice and/or display images, and also to output raw 
data, or navigation-processed data at the central processor 4 
in the form of printed matter. AS the means for realizing Such 
functions, in order to visually display on the Screen the data 
processed by the central processor 4 and (raw) data Stored in 
the information Storage unit 3, the navigation apparatus of 
the present invention includes a functional module 7 for 
image expansion and Visualization of display data 
(essentially data items of figures and components), a display 
memory 8 used therefor, a display unit 9 for displaying the 
image data as drawn or “painted” in the memory, a printer 
for Outputting as printed matter or hard copy the data 
processed in the central processor 4 and data Stored in the 
information Storage unit 3, and one or more Speaker units for 
outputting route guidance in the form of Voice and Sounds. 

The display unit 9 is typically a lightweight and slim 
liquid crystal display module, which is operable to visually 
display on its Screen an enlarged graphical image of a traffic 
interSection, based on map data being processed by the 
central processor 4 and guidance data, along with related 
information Such as the name of a destination, time, 
distance, and an arrow indicative of a travel direction. It is 
also possible, by Sending image data to the display as bitmap 
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6 
data, to employ a communications link for Serial commu 
nication events rather than exclusive-use or “dedicated” 
image Signal transfer lines, wherein the communications 
link is used in common with other with communications. 
The display may be designed to have a memory for tempo 
rarily Storing therein bitmap data where necessary. 
The display unit 9 is provided within an instrument panel 

adjacent to a driver's Seat So that the vehicle driver is 
allowed to Verify a present vehicle position through viewing 
of this display, while obtaining desired information pertain 
ing to a travel route. Additionally, although specific depic 
tion is omitted herein, the display unit 9 may be designed 
with a touch panel or touch Screen used on the View Screen 
of the display unit 9 to enable land point input and road input 
through Screen touch or dragging. Thus, input device 1 and 
display unit 9 may be integrated into a single unit. 

In the embodiment of FIG. 1 the man-machine interface 
(MMI) is illustrated as a combination of an output device 6 
and an input device 1, for ease of explanation, wherein a 
picture drawing or “visualizer” device 7 (data processor) for 
creating a graphical image to be output and displayed and 
also an image memory 8 for Storage of Such an image thus 
Visualized are incorporated into the output device 6. 
However, it should be noted that the configuration of FIG. 
1 may be replaced with other configurations having inter 
connection of devices Such as the output device, input 
device, navigation apparatus, etc. One possibility is a con 
figuration wherein the output device does not have a picture 
draw device for Visualization of a desired image but, rather, 
one of the other devices connected to the navigation appa 
ratus over a chosen network has Such a picture-draw 
(visualizer) device. 

FIG. 2 is a flow chart of the main program for control of 
the Overall System of the navigation apparatus embodying 
the invention. Upon Startup of the route guidance program 
which has been loaded from the information storage unit 3 
into the central processor 4, the present position detector 2 
is rendered operative to detect a present vehicle position, and 
a map of a Selected peripheral land area centered on the 
present position is displayed with indication of the title or 
name of the present position (at Step S1). Then, a destination 
is Set by input of a target name Such as a name of a place or 
facility, telephone number, address, registered land point, 
road name, or the like (Step S2). Next, a search is conducted 
for an appropriate travel route leading to the destination 
from the presently detected vehicle position (step S3). After 
determination of Such a route, route guidance is recurrently 
provided until the vehicle actually arrives at its destination 
while at the Same time tracking the present position with the 
detector 2 on a real time basis (step S4). In the case of a 
request for detour input prior to arrival at the destination, a 
Search area is established for again performing Searching or 
"re-Searching within that Search area and, thereafter, route 
guidance is repeatedly executed until the vehicle actually 
reaches its destination in a manner Similar to that discussed 
above. 
The navigation apparatus has a plurality of functions 

provided by various modes of operation Such as a mode for 
Setup of desired land points, a route Search mode as 
described above, a guidance information output mode, a 
map display mode and others, wherein Selection of one of 
these modes (functions) is under the control of mode man 
agement means. A method of controlling the navigation 
apparatus will now be explained under the assumption that 
the apparatus is used connected with other devices over a 
network. Here, in the event that a device having its own 
Visualizer means is connected or connectable over the 
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network, if the navigation processor unit is So controlled as 
to draw a graphical image by use of this externally available 
Visualizer means through transmission of necessary display 
commands and data, it becomes possible to avoid providing 
the navigation apparatus per Se with any visualizer means 
and picture-draw memory for Storing the images thus drawn. 

Additionally, a Scheme for Outputting a display image to 
the output means will be explained using, as a specific 
example, display of a map. Firstly, the navigation processor 
judges a map area or region containing the present vehicle 
position and then reads map data out of its associated 
information Storage means. Then, Such read data is used to 
prepare display data along with information items. Such as 
positions and colors plus line thicknesses and other features 
being added thereto, in a specific format as determined for 
the graphics figure to be drawn. Next, the Visualizer means 
expands and visualizes the data as Sent thereto, e.g. converts 
the received data into a bit map, and then Stores the thus 
converted data in the picture-draw memory. Note here that 
providing the MMI with a memory for storing display data 
as output from the navigation processor unit makes it 
possible to Smoothly perform any intended map rotation and 
Zooming tasks. In Such a case, the output means may be 
designed to include a memory for Storing both data of a 
display region and the data of Such draw memory. However, 
the memory for Storing display region data may be provided 
independent of the draw memory. Next, in case the map is 
moved, e.g. Scrolled with movement of the present position, 
the MMI unit continuously or repeatedly draws additional 
data as needed from the draw memory for output at the 
display-unit while judging whether or not the display region 
stays within a region being presently Stored in the draw 
memory. If the former extends beyond the latter then a 
request is issued to the navigation apparatus to provide the 
next map information. It should be noted that Such region 
determination may be made based on a read-in reference 
region that is slightly larger than the display region or 
alternatively a read-in region Smaller than the region of the 
draw memory. Next, the navigation processor unit detects 
issuance of a map information request from the MMI and 
then executes new map data reading. Since provision of an 
operation mode management unit in Such navigation pro 
ceSSor unit makes it possible to judge the availability of a 
request from the MMI Side, to Select any necessary mode in 
reply to this request, and also to produce display data, it 
becomes possible to Separate the navigation processor unit 
for computing a present vehicle position and calculating 
route information while instructing guidance information to 
be output from the Visualization processor unit for drawing 
picture imageS as required. 

FIG. 3 is a diagram for explanation of an example of the 
display control processing in a navigation data processor 
device, and FIG. 4 is a diagram for explanation of exemplary 
display processing of a man-machine interface device. 

The navigation apparatus in accordance with the present 
invention permits transmission of display data of a land map 
to be displayed and display commands, for example, from 
the navigation data processor which includes the central 
processor device 4 to the man-machine interface (MMI) 
device, to permit the MMI device to expand and draw or 
“visualize’ the display data for displaying on the Screen a 
Specified geographical area as a display region, in a manner 
dictated by a display command. The display data as used 
herein is the data prepared on the basis of map information 
and guidance information or data for drawing an intended 
diagram, with certain information items. Such as positions 
and colors plus line thicknesses and other display features 
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8 
being added thereto in a format determined for the image to 
be drawn. Further, information as to data Sizes and graphical 
figure types may be added thereto if necessary. Examples of 
display commands include a command that instructs what 
range of a map thus expanded and Visualized should be 
displayed using Some parameters including, but not limited 
to, its center and dimension (size) along with coordinates at 
the upper right and lower left portions thereof, a command 
that instructs the direction of a display of a map Such as in 
the case of displaying a map with a present vehicle position 
at its center and with the vehicle orientation Set as the 
upward direction, and a command that instructs a Scaling 
ratio or magnification as well as contraction Scale for 
Zooming. In regard to the display commands, in cases where 
the present position is tracked and displayed with the travel 
direction being upward, when an orientation (direction of 
travel) is instructed, display data will be expanded and 
Visualized in accordance with the orientation instruction and 
the detected present vehicle position, and a map with the 
present position as its center and with the travel direction Set 
upward will be displayed. 

If the navigation data processor is designed to manage the 
display data and display range, display data for a fixed area 
is transmitted while moving the display range in accordance 
with a display command to permit Scrolling and, when the 
display range approaches a geographical limit of the trans 
mitted display data, display data for a new area is sent. On 
the other hand, if the MMI device is designed to control the 
display data and display range, display data Sent from the 
navigation data processor is expanded for visualization, 
while moving (Scrolling) the resultant display range in 
accordance with a display command and, when the display 
range approaches the limit of the geographical area covered 
by the data Subjected to expansion and Visualization, a 
request command is sent to the navigation data processor 
device for acquisition of necessary, additional display data. 
Additionally, in View of the fact that the present position is 
determined by the navigation data processor during present 
position tracking, the navigation data processor can instruct 
the MMI device to provide a display range with a present 
vehicle position being at its center. On the other hand, when 
map Scrolling and Zooming (shrinking/enlargement) is to be 
done based on the user's land point input, an input unit for 
inputting of the user's instructions Such as a remote con 
troller or touch switch is provided or is included in the MMI 
device, thereby permitting the MMI device to perform map 
Scrolling within the geographical range of data drawn in a 
display memory, in accordance with the user's instructions, 
while requesting the navigation data processor to Send 
display data for a new area as the need arises. 
A practical example of a routine is shown in FIG. 3, 

wherein the navigation data processor first reads Selected 
display data on the basis of a display instruction (at Step 
S11), then edits and transmits Such display data (step S12), 
and further outputs a display command (step S13). For 
example, where a map is displayed for execution of route 
guidance while tracking a present vehicle position, a display 
command can be generated which is indicative of a display 
range with a presently detected vehicle position being at its 
center or, where a map is displayed for designation by 
manual input of land points, Such as destination and/or a 
pass-through point, a display command is issued which 
indicates a display range with a land point, as designated in 
accordance with input of its address, genre, telephone num 
ber or the like, being at its center. Another display command 
can be issued for movement of the center of the display 
range and/or for Zooming of the display range, along with an 
instruction for Scrolling and/or Zooming of the present 
position. 
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The picture drawing range of the transmitted display data 
is compared with the display range as instructed by the 
display command (at Step S14); then, it is judged whether or 
not it is necessary to Send display data for a new area (Step 
S15). For example, if the remainder of the picture draw 
range is less in the direction of Scrolling and thus a shrunk 
image display can result in over-sizing from the picture draw 
range, then a judgement is made that data transmission is 
necessary (“YES”) in this case, additional display data is 
Selected and read (Step S16), and then Such display data is 
edited and sent (step S17). The steps S14, S15 are for the 
case in which the navigation data processor manages both 
the display data and display range. Where the MMI device 
is adapted to manage the display data and display range, a 
judgement is made as to whether or not a display data 
request command is received from the MMI device and then 
display data, as Selected in accordance with the request 
command, is read (Sl6) and Such display data is next edited 
and sent (S17). 

However, if enough room is still available even after 
completion of movement or shrinkage of the display range 
within the picture draw range, then a judgement is made that 
additional data transmission is not necessary ("NO”), and 
then to continue to send the display command (step S18). 
Thereafter, the routine returns to step S14 which recurrently 
executes Similar operations of Sending necessary data and 
display command(s), while Simultaneously controlling 
Scrolling and rotation plus shrinking/enlargement of the map 
being visually displayed in the MMI device. 

The MMI device may operate as shown in FIG. 4. Upon 
Startup of display, a judgement as to whether or not display 
data is received from the navigation data processor (Step 
S21) and whether or not a display command is received 
therefrom (step S23). Upon actual receipt of the display 
data, the display data is utilized to draw or visualize and the 
data thus processed is stored in the draw memory (step S22). 
Upon receipt of a display command, an image within a 
display range is copied into the display memory in accor 
dance with Such display command (Step S24) and then the 
image within the display range is displayed on the Screen. In 
Summary, in this case, both a memory for the drawing 
processed display data and a display memory for the Screen 
image are employed. 

Further, the range of the drawn picture data, i.e. the 
display data which has been expanded and visualized, is 
compared with the display range as instructed by the display 
command (step S26), and then a judgement is made to 
whether or not it is necessary to read out and Send display 
data for a new area (step S27) if YES, then a display data 
add request command is Sent to the navigation data proces 
sor (step S28). Steps S26-S28 are for the case where the 
MMI device handles management of the display data and 
display range. On the other hand, where the navigation data 
processor manages Such display data and display range, the 
processes of steps S21-S24 will be repeated. 

FIGS. 5(A)-5(C) are diagrams of one example of a map 
scrolling routine in the case where the MMI device handles 
management of display data of a map being displayed on the 
screen, whereas FIGS. 6(A)-6(B) are diagrams showing one 
example of a routine for map Scrolling in the case where the 
navigation data processor manages display data of a map 
being displayed on the Screen. 

In the case where the output device (MMI) is adapted to 
perform management of display data of a map to be dis 
played on the screen, a routine as shown in FIGS. 5(A)-5 
(C), for example, is executed. Firstly, as shown in FIG. 5(A), 

15 

25 

35 

40 

45 

50 

55 

60 

65 

10 
a user's operation for Scrolling is detected (Step S31). Then, 
the display region is compared to the region for data being 
Subjected to visualization to thereby judge whether the 
display region has reached a read-change or “re-read” region 
as established in the data region (step S32) if NO then map 
scrolling is immediately executed (step S34). If YES, then a 
request is output to the navigation data processor to provide 
additional display data for the map (step S33) and then to 
perform map Scrolling (Step S34). 
Upon output of a map request command from the MMI to 

the navigation data processor at Step S33, the navigation data 
processor performs the processing of FIG. 5(C). The map 
data request from the MMI side is recognized and then 
certain road data of a map near or around a cursor position 
and/or a present vehicle position is read from the Storage 
means (step S51) and, then, display data is created from the 
map data thus read. For example, the navigation data pro 
ceSSor may extract the position coordinates of respective 
roads, their lengths and shapes, while determining display 
colors and line thicknesses based on road attributes, number 
of lanes and road widths, to thereby create transmission data 
consisting essentially of a graphic format, position, color, 
line thickness, data size and other features. Next, the result 
ant transmission data is output to the MMI while simulta 
neously Sending thereto display commands for visualization 
of a map, e.g. rewriting of a map display (step S52). Where 
the road data for a map near the cursor position is read out 
of the Storage means at Step S51, the data reading may be 
based on the direction of map Scrolling and Scrolling Speed 
with a land point ahead on the travel route being used as a 
reference. 

Upon output of a map rewrite request from the navigation 
data processor to the MMI at step S52, the MMI executes the 
routine of FIG. 5(B). The received display data is drawn 
(“visualized”) into one of memories (step S41); then, the 
display position (display range) is aligned (step S42); and 
next, a map centered on either the cursor position or present 
position is displayed (step S43). 

Accordingly, the above described data processing utilizes 
that two separate memories in the MMI device, which are 
Switchably Subject to displaying in a way Such that one of 
them is used as a display memory while the other is used as 
a non-display memory. More Specifically, when displaying a 
map as drawn in one display memory, if the display range 
leaves the picture draw range then the display is Switched to 
a map of a shifted region in the other display memory. Thus, 
the memory that has been the display memory now becomes 
a nondisplay memory. 

In the case where the navigation data processor is adapted 
to perform management of display data of a map to be 
displayed on the Screen, it executes the routine as shown in 
FIGS. 6(A)-6(C). First, as shown in FIG. 6(A), the MMI 
device operates to detect a user's operation requesting 
Scrolling(step S61). It then notifies the navigation data 
processor of the amount of shift of the displayed map (Step 
S62); next, it executes the map scrolling routine (Step S63). 
Upon output of notice of the amount of map shift from the 

MMI to the navigation data processor at step S62, the 
navigation data processor executes the routine of FIG. 6(C). 
The navigation data processor first acquires the map’s shift 
amount (step S81); then, it compares the display region with 
a region of data drawn in memory (visualized data) to judge 
whether or not the display region has been Scrolled to a 
read-change region as Set in the data region (step S82). If 
YES, certain road data of a map near or around either a 
cursor position or a present vehicle position is read from the 
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Storage means (step S83). The navigation data processor 
then converts the map data into display data, Sends the 
converted data to the MMI, and requests map rewriting (Step 
S84). 
Upon output of a map rewrite request from the navigation 

data processor device to the MMI at step S84, the MMI 
executes the routine of FIG. 6(B). The display data is input 
at one of the memories which is not currently utilized for 
display (step S71); display position (display range)is then 
aligned (step S72); and a map centered on a cursor position 
is then displayed (step S73). 
A display control system may utilize the MMI device and 

the navigation data processor for transmit-and-receive com 
munication of display data via more than one communica 
tion line, for example between communications control units 
13, 22 as shown in FIG. 7, by way of example. The 
navigation data processor 12 of a navigation data control 
device 11 is operable to perform processing tasks including 
location inputting, land point Setup, route Searching, present 
vehicle position detection, tracking, and route guidance, in 
accordance with instructions from an input device and then, 
based on the results of Such processing, outputs display data 
and display commands to the communications control unit 
13. The communications control unit 13 outputs the display 
data and display commands, as received from the navigation 
data processor unit 12, to the communications control unit 
22 through a communication line. In addition, upon receipt 
of a request command from the communications control unit 
22, the communications control unit 13 outputs it to the 
navigation data processor 12. 

Operation of the MMI device 21 is as follows. Upon 
acquisition of display data and display commands at the 
communications control unit 22 from the communications 
control unit 13 via the communication line, a display control 
unit 23 operates to expand the display data for drawing 
“visualization” into a memory 25, to thereby display an 
image within a display range on a display Screen 24 in 
accordance with a display command. One preferred 
approach is that, upon input of display data into the display 
control unit 23, a memory 25 expands Such display data 
(“visualization”) to thereby permit visual display, within a 
Specified address range pursuant to a display command. 
Another preferred configuration utilizes a display memory 
for Storing display data and display commands and a draw 
memory for use in expansion (“visualization') of Such data, 
with Switching of the two memories between the display use 
and non-display use, in the manner previously described, 
with or without a plurality of picture draw memories for 
Visualization of a map with an arrow for route guidance 
overwritten on the map. In the case where the display control 
unit 23 is adapted to manage the display data and display 
range, when new display data becomes necessary, a request 
command is output to the communications control unit 22 
whereby data transmission is initiated from the communi 
cations control unit 22, Via the communication line, to the 
communications control unit 13 of the navigation data 
control device 11. 

The display data to be sent from the navigation data 
control device 11 to the MMI device 21 is such that, as 
shown for example in FIG. 8(A), the size of such graphics 
data and type of primitive graphic Such as a line, rectangle 
or other, plus Succeeding data, are added to the head the of 
graphical data, thus providing a data length of an even 
number, for example. One example of Such graphic data is 
shown in FIG. 8(B), which is a line; another example is 
shown in FIG. 8(C) which is a rectangle; yet another 
example is shown in FIG. 8(D) which is an arc; a further 
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example is shown in FIG. 8(E) which is a polygon; a yet 
further example is shown in FIG. 8(F) which is text data. 
Each of these data items has information (shape 
information) as to the coordinates, angle, width, height, 
length and the like, along with information concerning the 
display attributes Such as the color and line thickneSS or 
other attribute. 
At the communications control unit of the navigation data 

processor, upon occurrence of map data reading as shown in 
FIG. 9 (at step S91), the read map data is modified/changed 
into a transmit data format as shown in FIG.8 once for each 
graphical image Visualized (step S92), and then sent to the 
MMI device. An example of eXchange of communications 
between the navigation data processor and the MMI device 
is illustrated in FIG. 10. First, when a request for connection 
with the output device (MMI) is issued from the navigation 
data processor, the output device generates and issues a 
“Display ID' to thereby permit establishment of mutual 
connection. Thereafter, a display region is Set for the display 
unit, the picture-draw memory is Set-up and color informa 
tion ("color pallet”) is acquired. Then, the navigation data 
processor outputs an ensemble of graphics together with 
instructions for display of an image. 

It must be noted that the present invention is not limited 
to only the illustrated embodiments and may be modified in 
a variety of different ways. For example, although in the 
above embodiment the MMI device which processes data 
for drawing maps is described as a unit independent of the 
navigation data processor operatively associated therewith, 
the invention may also be applied in a similar way to 
command processing for menu operations, wherein the 
processing is executed with input of the user's instructions 
to the MMI and inputs of vehicle signals to the navigation 
data processor. 

Outputting the transmit data items together through batch 
processing makes it possible to improve the responsiveness. 
The color/road width designation may be determined based 
on a table as prestored in the navigation apparatus main body 
or, alternatively, determined based on a table prestored in the 
MMI or, alternatively, determined based on certain data as 
input and Set up by the user. In addition, Since the menu 
processing is Such that destination location Search is uncer 
tain with regard to what type of Switch (Such as broad area, 
detailed, re-search, etc.) should be displayed on the map 
Screen, the navigation data processor notifies the MMI of a 
Switch (function) usable in each mode, thereby allowing the 
MMI to display such Switch at any given location with a 
desired shape and color. Alternatively, a certain function 
may be made available at the MMI on a location-by-location 
basis, while letting the navigation data processor handle the 
mode management in a way Such that when a Switch is 
Selected (operated), this selection will be communicated to 
the navigation data processor, thus causing a presently 
displayed image to be changed to the next Screen. 

It must also be noted that, although the present invention 
has been described as having the navigation data processor 
unit and the MMI unit arranged as Separate components, it 
can be readily appreciated that the invention may also be 
applied to an apparatus with the navigation data processor 
and MMI unit integrated together in hardware configuration 
and yet separate from each other as Software modules. With 
regard to map Scrolling, in addition to the case of tracking 
of a present vehicle position and moving a map with the 
present position shown at the center thereof, the present 
invention may similarly be applied to an embodiment 
wherein a map is moved while showing the vehicle of 
interest traveling along a route as defined based on the result 
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of calculation which, in turn, is based on a presently input 
land point. The invention is also applicable to a System 
wherein a map is moved through cursor operations during 
input of a land point or points and/or during Zooming 
(shrinking/enlargement) of the map. 
AS described above, the present invention is directed to a 

navigation apparatus with improved functions of inputting 
of locations and tracking of a present vehicle location while 
displaying maps. Thus, the apparatus of the present inven 
tion includes Storage means for Storing therein map data, a 
display memory with an associated graphical image creation 
means for expansion and drawing of display data, a man 
machine interface means for acquiring display data for 
drawing in the display memory by the graphical image 
creation means, and for Setting up a display range for Visual 
display, and a navigation data processor for reading map 
data out of the Storage means, for location inputting, for 
present position tracking and for outputting display data to 
the man-machine interface means for expansion and draw 
ing into the display memory. Even when the navigation data 
processor and the man-machine interface means are sepa 
rated from each other, in terms of hardware and/or Software, 
the display data to be expanded and drawn in the display 
memory, i.e. display data of a map prior to execution of 
drawing or painting, may be communicated therebetween, 
thereby making it possible to operate with communication of 
an amount of data noticeably reduced as compared to the 
expanded image data (drawn data). Accordingly, it becomes 
possible to efficiently perform data communications while at 
the same time enabling Smooth execution of map Scrolling 
and rotation. 

Another advantage of the invention is that it is possible to 
design the man-machine interface means in a way adaptable 
to a user's preferences and to land vehicles without need for 
modification of the navigation data processor or, the present 
invention, facilitates design alterations of the navigation 
data processor means without changing the man-machine 
interface means. A further advantage lies in an ability to 
reduce production costs of the navigation data processor 
because of the fact that it is no longer required to incorporate 
a picture draw means for visual displaying and a display 
memory into the navigation data processor. 

In accordance with a further aspect of the present 
invention, a navigation apparatus is provided for tracking a 
traveling land vehicle and guiding it to reach its destination, 
which navigation apparatus includes Storage means for 
Storing map data, a navigation data processor for reading 
map data out of Said Storage means, for tracking the trav 
eling vehicle and for outputting display data and display 
commands for use in guiding it to the presently Set 
destination, and man-machine interface means having a 
memory for use in drawing or visualizing display data, for 
acquiring display data and display command(s) as output 
from the navigation data processor means, for expanding 
and drawing the display data in Said memory and for visually 
displaying a commanded range. The navigation data pro 
ceSSor includes means for converting the map data as read 
out of Said Storage means into certain display data with data 
Size and graphics image type added thereto in a specific 
format, as determined for the graphical image being drawn, 
whereby even when the navigation data processor and 
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man-machine interface means are separate from each other, 
the amount of data communicated therebetween can be 
reduced as compared to the amount of image data expanded 
for drawing, So that it becomes possible to increase the data 
transfer rate accordingly. The use of a Scheme for outputting 
information to be displayed on a display device in the form 
of display data as prepared from data read from the Storage 
device for information Such as positions and colors plus line 
thicknesses, or in a format predetermined for the graphics 
image being drawn, makes it possible to visually display any 
intended image with enhanced viewability without need for 
partial deletion or interpolation of data with respect to 
enlargement and shrinkage of land maps. It is also possible 
to Smoothly perform any intended Scrolling and rotation of 
Such maps. Additionally, it is possible to design the man 
machine interface means in deference to the user's prefer 
ences and to adapt to land vehicles, without need for 
modification of the navigation data processor or the present 
invention may be applied to facilitate design alteration or 
redesigning of the navigation data processor without chang 
ing the man-machine interface means. Furthermore, Since 
the navigation data processor is no longer required to 
incorporate therein either the display memory used during 
displaying or the processor means for drawing or visualizing 
graphical images, it is possible to likewise reduce the 
complexity of the apparatus while at the same time reducing 
manufacturing costs. 
The invention may be embodied in other specific forms 

without departing from the Spirit or essential characteristics 
thereof. The present embodiments are therefore to be con 
sidered in all respects as illustrative and not restrictive, the 
Scope of the invention being indicated y the appended claims 
rather than by the foregoing description, and all the changes 
which come within the meaning and range of equivalency of 
the claims are therefore intended to be embraced therein. 
We claim: 
1. A navigation apparatus for displaying a map for input 

ting of a location and tracking of a present position, Said 
apparatus comprising: 

data Storage means for Storing map data; 
navigation data processor means for reading map data out 

of Said data Storage means, for location inputting and 
present position tracking, for editing the read map data 
to convert it into display data, and for Outputting the 
display data, Said navigation data processor means 
lacking drawing capability and a memory for Storing 
drawn data; 

a man-machine interface unit Separate from Said naviga 
tion data processor means and having a display 
memory and picture drawing means for receiving the 
display data from the navigation data processor means, 
for expansion and Visualization of display data, for 
drawing expanded and Visualized data into the display 
memory as a drawing range of Visualized data, and for 
establishing a display range for a portion of the drawing 
range of data drawn into Said display memory; and 

a display unit for display of the Visualized data within Said 
display range, Said display unit moving Said display 
range. 

2. The navigation apparatus as recited in claim 1 wherein 
Said man-machine interface unit manages the drawing range 
and the display range of the display data and issues a request 
to Said navigation data processor means for output of 
additional display data to change the drawing range before 
the display range moves out of Said drawing range. 
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3. The navigation apparatus as recited in claim 1, wherein 
Said navigation data processor means manages the drawing 
range and the display range of the display data and outputs 
additional display data to Said man-machine interface unit 
before the display range moves out of Said drawing range. 

4. The navigation apparatus as recited in claim 1, Said 
man-machine interface unit has input means for instructing 
movement of the display and for designation of the display 
range and is operable to establish Said display range in 
response to an input of the input means. 

5. The navigation apparatus as recited in claim 1, wherein 
Said navigation data processor means Sends a display range 
instruction to Said man-machine interface unit on the basis 
of Said location inputting and present position tracking. 

6. The navigation apparatus as recited in claim 1, wherein 
Said display data is edited by addition of information as to 
graphical images and display attributes including colors and 
line thicknesses. 

7. The navigation apparatus as recited in claim 1, wherein 
Said navigation data processor means outputs a display 
command indicating a display center, Scale or size, and 
direction. 

8. The navigation apparatus as recited in claim 1 wherein 
Said man-machine interface unit and Said navigation data 
processor means are separated from each other as Separate 
Software modules. 

9. The navigation apparatus as recited in claim 1 wherein 
Said navigation data processor means and Said man-machine 
interface unit are separately arranged as Separate hardware 
units linked by at least one communication line. 

10. A navigation data processor for use in navigation data 
processing in a navigation apparatus including an indepen 
dently arranged man-machine interface device for perform 
ing displaying, wherein Said navigation data processor 
device is means for reading map data out of a Storage unit, 
for location inputting and present position tracking and for 
outputting data to the man-machine interface device for 
expansion and visualization and Storage in a display memory 
contained within Said man-machine interface device, Said 
navigation data processor lacking a drawing capability and 
a display memory for Storing drawn data. 

11. The navigation data processor as recited in claim 10, 
adapted to manage a drawing range for Visualized data 
Stored in the display memory and a display range or a 
display and adapted to read additional data from the Storage 
unit and to output the additional data to the man-machine 
interface device to be rewritten before the display range goes 
out of the drawing range. 

12. The navigation data processor as recited in claim 10, 
adapted to output to Said man-machine interface device an 
instruction defining the display range on the basis of Said 
location inputting and present position tracking. 

13. A man-machine interface device for use with a navi 
gation apparatus including an independently arranged navi 
gation data processor, lacking a picture drawing capability 
and arranged Separately from Said man-machine interface 
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device, for use in performing navigation data processing, 
Said man-machine interface device comprising: 

a display memory; and 
picture drawing means for expansion and Visualization of 

display data, Said man-machine interface device acquir 
ing Said display data from Said navigation data proces 
Sor device and drawing it into Said display memory 
while establishing and displaying a display range. 

14. The man-machine interface device as recited in claim 
13, adapted to manage a drawing range and the display range 
of Said display data and to issue to Said navigation data 
processor a request for transmission of additional display 
data before the display range moves out of Said drawing 
range. 

15. The man-machine interface device as recited in claim 
13, wherein Said input means controls movement of the 
display and provides for input of the display range and Sets 
Said display range responsive to Said input. 

16. The man-machine interface device as recited in claim 
13, comprising two memories as Said display memory, Said 
two memories being Switchable between use and non-use as 
a display memory, with one of Said two memories being 
used as a Source of data for Said display while the remaining 
memory receives display data for future map display. 

17. A navigation apparatus for tracking a traveling vehicle 
and for guiding it to a destination, comprising: 

data Storage means for Storing map data; 
navigation data processor means for reading map data out 

of Said data Storage means, for tracking the traveling 
Vehicle, and for outputting display data and display 
commands for use in guidance to the destination; 

a man-machine interface unit arranged Separately from 
said navigation data processor means including a 
memory used to Store drawn display data, and drawing 
means for acquiring display data and display com 
mands as output from Said navigation data processor 
means and for expanding and drawing the acquired data 
into Said memory for an instructed display range, and 

wherein Said navigation data processor means includes 
means for converting the map data read out of Said 
Storage means into display data with a data Size and 
graphical image type added thereto in a format as 
determined for a graphical image to be drawn by Said 
man-machine interface unit, Said navigation data pro 
ceSSor means lacking a drawing capability. 

18. The navigation apparatus as recited in claim 17 
wherein Said man-machine interface unit and Said navigation 
data processor means are Separated from each other as 
Separate Software modules. 

19. The navigation apparatus as recited in claim 17 
wherein Said navigation data processor means and Said 
man-machine interface unit are separately arranged as Sepa 
rate hardware units linked by at least one communication 
line. 


